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Description 

[AUTOMATIC CONTRAST LIMITING 
CIRCUIT AND METHOD THEREOF WITH 
SPATIAL DOMAIN INFINITE IMPULSE 
RESPONSE FILTER ] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92132500, filed on November 20, 
2003. 

Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to an automatic contrast 

limiting circuit (ACL) and a method thereof, and more par- 
ticularly to an automatic contrast limiting circuit and 
method thereof with a spatial domain infinite impulse re- 
sponse filter. 

[0004] Description of the Related Art 



[0005] Among image related consumer electronics, such as tele- 
visions, liquid crystal displays, digital cameras or personal 
computer cameras in hardware wise; and Photoshop and 
various image processing software in software wise, all of 
the above have the contrast adjusting function for im- 
proving image quality. The contrast adjusting formula is 

usually stated as below: Yo = Yi * contrast (1) 

Wherein Yi represents the input signal and Yo represents 
output signal. The contrast applied to different input and 
corresponding output signals is illustrated as curves in 
FIG. 1. 

[0006] In early years, contrast is adjusted according to user"s 
preference. Generally, when the image is dark, the con- 
trast value may be set to high so that when the brightness 
of the input signals is increased, picture saturation occurs 
as the curves A and B demonstrated in FIG. 1. On the con- 
trary, when the image is bright, the contrast value is re- 
duced so that poor picture definition occurs as the curves 
E and F demonstrated in FIG. 1. 

[0007] Ideally, picture contrast can be dynamically adjusted ac- 
cording to input signals. Automatic Contrast Level, i.e. 
ACL is, therefore devised. The principle of contrast ad- 
justment is to maximize contrast value as possible before 



saturation occurs. Therefore, a predetermined tlireshold 
(e.g. "t" shown in FIG.l) and an input-related reference 
value is are provided to determine contrast maximum. For 
the time being, generally an average picture level (APL) 
serves as the reference value. That is, when the input sig- 
nal of the image brings out bright, APL is high and the 
contrast value is set to be low for avoiding the picture 
saturated. Whereas when the input signal of the image 
brings out dark, the contrast value is set to high for im- 
proving picture definition. 
[0008] However, the APL method is not applicable to circum- 
stances when background is dim, such as being indoor, in 
the night, in a basement, in a tunnel, in a cave or in a for- 
est. Since picture background is low in brightness, flash- 
light is generally applied so as to brighten up pho- 
tographing object. Yet providing the object is found rela- 
tively small to the picture area, the APL value remains low, 
which results in a relatively higher contrast setup referring 
to this APL. Therefore, the object is over saturated and the 

image is thus poorly defined. 
Summary of Invention 

[0009] Therefore, the object of the present invention is to pro- 
vide an automatic contrast limiting circuit and method 



thereof with a spatial domain infinite impulse response 
filter, where a peak value is generated by the spatial do- 
main infinite impulse response filtering during a recording 
interval for adjusting the contrast for better image quality. 

[0010] In order to achieve the object above, the present invention 
discloses an automatic contrast limiting circuit with a spa- 
tial domain infinite impulse response filter for contrast 
evaluation. The automatic contrast limiting circuit with a 
spatial domain infinite impulse response filter comprises: 
a spatial domain infinite impulse response filter; a peak 
value detector; and a contrast evaluator. The spatial do- 
main infinite impulse response filter is adapted to receive 
an input signal for generating a spatial domain infinite 
impulse response filtering value. The peak value detector 
is coupled to the spatial domain infinite impulse response 
filter for generating a peak value during a predetermined 
recording interval corresponding to the spatial domain in- 
finite impulse response filtering value. The contrast evalu- 
ator is coupled to the peak value detector for evaluating 
the contrast according to the peak value and a predeter- 
mined threshold. 

[0011] In the preferred embodiment of the present invention, the 
spatial domain infinite impulse response filter comprises: 



a first multiplier, an adder, and a second multiplier. The 
first multiplier is adapted to multiply the input signal with 
a first factor value for generating a first output value. The 
adder is coupled to the first multiplier for generating a 
sum of the first output value and a second output value to 
be the spatial domain infinite impulse response filtering 
value. The second multiplier is adapted to multiply the 
spatial domain infinite impulse response filtering value 
with a second factor value for generating the second out- 
put value, wherein a sum of the first factor value and the 
second factor value is 1. 

[0012] In one preferred embodiment of the present invention, 
when the contrast evaluator determines the peak value 
higher than the predetermined threshold, the contrast 
value is 1; otherwise, the contrast is a value of the prede- 
termined threshold divided by the peak value. 

[0013] In a 2-D application of the present invention, the spatial 
domain infinite impulse response filter further comprises: 
a front-end spatial domain infinite impulse response filter 
and a front-end peak value detector. The front-end spa- 
tial domain infinite impulse response filter is adapted to 
receive a front-end input signal for generating a front- 
end spatial domain infinite impulse response filtering 



value. The front-end peak value detector is coupled to the 
front-end spatial domain infinite impulse response filter 
for generating a front-end peak value during a front-end 
predetermined recording interval as the input signal of the 
spatial domain infinite impulse response filter according 
to the spatial domain infinite impulse response filtering 
value. 

[0014] jhe front-end spatial domain infinite impulse response 
filter comprises: a first multiplier, an adder and a second 
multiplier. The first multiplier is adapted to multiply the 
front-end input signal with a first factor value for gener- 
ating a first output value. The adder is coupled to the first 
multiplier for generating a sum of the first output value 
and a second output value as the front-end spatial do- 
main infinite impulse response filtering value is gener- 
ated. The second multiplier is adapted to multiply the 
front-end spatial domain infinite impulse response filter- 
ing value with a second factor value for generating the 
second output value, wherein a sum of the first factor 
value and the second factor value is 1. 

[0015] The present invention also provides an automatic contrast 
controlling method of a spatial domain infinite impulse 
response filter, adapted to evaluate a contrast value. 



which comprises: receiving an input signal for generating 
a spatial domain infinite impulse response filtering value; 
generating a peak value during a recoding interval ac- 
cording to the spatial domain infinite impulse response 
filtering value; and evaluating the contrast value according 
to the peak value and a predetermined threshold. 

[0016] When the peak value is higher than the predetermined 
threshold, the contrast value is set to 1; otherwise, the 
contrast is a value of the predetermined threshold divided 
by the peak value. 

[0017] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0018] FIG, 1 is a waveform diagram illustrating input-output 
characteristic curves of different contrast according to 
conventional scheme. 

[0019] FIG, 2 is a schematic diagram illustrating an automatic 
contrast limiting circuit with by a spatial domain infinite 
impulse response filter according to one preferred em- 



bodiment of the present invention. 

[0020] FIG. 3 is a scliematic diagram illustrating a 2-D automatic 
contrast limiting circuit with a spatial domain infinite im- 
pulse response filter according to one preferred embodi- 
ment of the present invention. 

[0021] FIGs. 4 (a)-(c) are waveforms illustrating different input 

signals and output peak values according to one preferred 
embodiment of the present invention. 

[0022] FIGS. 5 (a) and (b) are exemplary images corresponding to 
waveforms illustrated to FIGs. 4(a) and (b) respectively ac- 
cording to one preferred embodiment of the present in- 
vention. 
Detailed Description 

[0023] FIG. 2 is a schematic diagram illustrating an automatic 

contrast limiting circuit with a spatial domain infinite im- 
pulse response filter according to one preferred embodi- 
ment of the present invention. Referring to FIG. 2, the au- 
tomatic contrast limiting circuit (AGL) 200 with a spatial 
domain infinite impulse response filter comprises: a spa- 
tial domain infinite impulse response filter 210; a peak 
value detector 220; and a contrast evaluator 250. The 
spatial domain infinite impulse response filter 210 com- 
prises: a first multiplier 211, an adder 213, and a second 



multiplier 212. 

[0024] The first multiplier 211 is adapted to multiply the input 
signal with a first factor value "a" for generating a first 
output value, which is outputted to an input terminal of 
the adder 213. The second multiplier 212 is adapted to 
multiply the spatial domain infinite impulse response fil- 
tering value outputted from the adder 213 with a second 
factor value "1-a" for generating the second output value, 
which is outputted to another input terminal of the adder 
2 13, wherein a sum of the first factor value "a" and the 
second factor value "1-a" is 1. For example, when "a" is 
0.1, "1-a" is 0.9. The adder 213 thus sums up 10% latest 
input signals and 90% accumulated signals for generating 
a spatial domain infinite impulse response filtering value 
related to past signals. 

[0025] The spatial domain infinite impulse response filtering 
value is inputted to the peak value detector 220 so that 
the peak value detector 220 generates a peak value, for 
example, during a predetermined recording interval of a 
scan line, corresponding to the spatial domain infinite im- 
pulse response filtering value. The contrast evaluator 250 
is coupled to the peak value detector 220 for evaluating 
the contrast value according to the peak value from the 



peak value detector 220 and a predetermined threshold 
"t". When the peak value is higher than the predetermined 
threshold "t", the contrast value is set to 1 for avoiding 
picture saturation. When the peak value is lower than the 
predetermined threshold "t", the pictures is judged too 
dark. In order to enhance picture definition by contrast, 
the contrast value is set as a value of the predetermined 
threshold "t" divided by the peak value. 
[0026] FIG. 3 is a schematic diagram illustrating a preferred 2-D 
automatic contrast limiting circuit with a spatial domain 
infinite impulse response filter according to one preferred 
embodiment of the present invention. In addition to the 
spatial domain infinite impulse response filter 210, and 
the peak value detector 220 and the contrast evaluator 
250 as illustrated in FIG. 3, the automatic contrast limiting 
circuit (AGL) 300 with a spatial domain infinite impulse re- 
sponse filter further comprises: a front-end spatial do- 
main infinite impulse response filter 310 and a front-end 
peak value detector 320. The front-end spatial domain in- 
finite impulse response filter 310, for generating the 
front-end spatial domain infinite impulse response filter- 
ing value, comprises: a first multiplier 311, an adder 313 
and a second multiplier 312. 



[0027] If resolution to the input signal is 1024x768, the front- 
end spatial domain infinite impulse response filter 310 
and the front-end peak value detector 320 generates a 
peak value during the recoding interval for each scan line. 
The spatial domain infinite impulse response filter 210 
and the peak value detector 220 generate a peak value 
during the recoding interval of each input with 768 scan 
lines so that the contrast evaluator 250 can evaluate the 
contrast value therefrom. One of ordinary skill in the art 
will know that the automatic contrast limiting circuit by a 
spatial domain infinite impulse response filter of the 
present invention can be applied to 3-D circuitry or 
higher. 

[0028] Accordingly, an automatic contrast controlling method of 
a spatial domain infinite impulse response filter is 
adapted to evaluate a contrast value, which method com- 
prises: receiving an input signal for generating a spatial 
domain infinite impulse response filtering value; generat- 
ing a peak value during a recoding interval according to 
the spatial domain infinite impulse response filtering 
value; and evaluating the contrast value according to the 
peak value and a predetermined threshold. 

[0029] When the peak value is higher than the predetermined 



threshold, the contrast value is 1 for avoiding the picture 
saturation. When the peak value is lower than the prede- 
termined threshold, in order to enhance picture definition 
by contrast, the contrast value is set as a value of the pre- 
determined threshold divided by the peak value. 
[0030] FIGs. 4 and 5 are performances of an automatic contrast 
limiting circuit and a method thereof with a spatial do- 
main infinite impulse response filter in accordance with 
one preferred embodiment of the present invention. In the 
waveforms of FIG. 4 (a)-(c), the horizontal axis represents 
the recording interval and vertical axis represents bright- 
ness of the input signals S, wherein all the input signals S 
in the figure have the same average picture level (APL). If 
APL serves to set up contrast according to the method of 
prior art, either the signal of FIG. 4(a) is saturated so that 
the outline of the picture is vague, or the signal of FIG. 
4(b) is low in contrast so a same effect is resulted. Yet 
providing the method and the circuit thereof according to 
the present invention, the output peak values of the spa- 
tial domain infinite impulse response filter vary with the 
input signals as illustrated in the figure. As the signals 
shown in (a) appears to be brighter and more concen- 
trated, the output peak value is higher and the contrast 



value is lower; whereas the signal shown in (b) appears to 
be darker, the output peak value is lower and the contrast 
value is higher. 

[0031] Referring to the FICs. 5(a) and (b), conditions of that are 
similar to those illustrated in FIGS. 4(a) and (b) corre- 
spondingly. Although the APL of the figures shown in 
FIGs. 5(a) and (b) are identical, the picture of 5(a) is 
brighter and concentrated so that the spatial domain infi- 
nite impulse response filter outputs a higher peak value 
for avoiding an overwhelming contrast and saturation. Yet 
the picture in 5(b) appears to be darker, the spatial do- 
main infinite impulse response filter outputs a lower peak 
value for higher contrast and image definition. 

[0032] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



